###### Strengths and limitations of this study

-   Our search will be performed in close cooperation with a specialised research librarian with health research methodology knowledge.

-   The screening and extraction will be performed cooperatively by two researchers employing pretested, standardised extraction forms.

-   The review may include novel studies from several regions and there is no restriction to any language and period.

-   Our study may be easily influenced by threats to credibility (ie, internal validity) and applicability (ie, external validity).

-   The study will involve judgements made by review authors, which can result in bias.

Background {#s1}
==========

In 2010, an estimated 12.0 million people worldwide were living with active pulmonary tuberculosis (TB), with 9 million new cases and 1.4 million deaths due to TB occurring annually. TB continues to be a major public health issue worldwide, particularly in low and middle income countries, despite rigorous efforts to contain its spread and implementation of effective treatment strategies.[@R1]

A variety of factors have been associated with a greater risk of death among patients with TB, including poverty, homelessness, alcohol or drug addiction, irregular or inadequate treatment, late diagnosis of the disease, multidrug-resistant TB (MDR-TB) and advanced age.[@R4] [@R5] Furthermore, HIV infection is an important factor related to the increased morbidity and mortality of TB in different world regions, and has resulted in an increased number of hospital admissions due to TB.[@R4] [@R8]

Even in developed countries where the overall incidence of TB is low, it remains common among the elderly population due to prolonged life expectancy, use of drugs that suppress cellular immunity, and delay of the diagnosis of TB in the aged.[@R4] TB does not usually require hospital admission for treatment, but if symptoms such as shortness of breath and deterioration in a systemic condition are present, hospitalisation may be necessary. A large proportion of patients with TB are hospitalised, and estimates of in-hospital mortality range from 2% to 12%.[@R8] Despite the recommended outpatient care, most of the current costs of TB treatment result from hospitalisation.[@R13]

Some cases may need to be treated at the intensive care unit (ICU), such as cases of acute respiratory failure due to TB. The cases of TB requiring intensive care represent 1--3% of all patients with TB. The most common reasons for ICU admission of patients with TB are the development of acute respiratory distress syndrome and severe organ failure, such as renal failure. Besides, the mortality rate of TB patients requiring intensive care due to acute respiratory failure has been reported to be approximately 60%.[@R14] [@R15]

Patients with TB staying in-hospital have a higher risk of mortality in comparison with patients with TB receiving treatment in other health services, like primary care and ambulatory care services. TB deaths are crucial indicators in TB programme monitoring,[@R8] especially in areas with high HIV and TB prevalence. Data on TB deaths provide us with a better understanding of the causes of these deaths and help guide interventions to reduce mortality. Considering that there is uncertainty regarding which factors are associated with in-hospital mortality among patients with pulmonary TB, and that a large proportion of patients with TB are hospitalised, it is important to fill this knowledge gap to identify and improve the management of those individuals with TB at greatest risk of death. The aim of this systematic review and meta-analysis is to establish predictors of in-hospital mortality among patients with pulmonary TB to enhance the evidence base for public policy.

Methods {#s2}
=======

Search strategy {#s2a}
---------------

We will use a multimodal search strategy focused on three bibliographical databases (MEDLINE, EMBASE and Global Health), personal files, consultation with experts and review of bibliographies among eligible articles. An experienced librarian (RC) will use Medical Subject Headings, adding terms and keywords from a preliminary search to develop the database search strategies. In each database, the librarian will use an iterative process to refine the search strategy through testing several search terms and incorporating new search terms as new relevant citations will be identified. The search will include the following databases from inception to November 2015: MEDLINE, EMBASE and Global Health. The search will consist of three concepts combined using AND operator. The first concept is TB, the second is hospitalisation and the third is mortality (see online [supplementary appendix 1](#SM1){ref-type="supplementary-material"}).
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Study selection {#s2b}
---------------

### Eligibility criteria {#s2b1}

Eligible trials will meet the following criteria: (1) the study is an observational study (cohort or case--control studies); (2) the study reported predictors or risk factors for in-hospital mortality among patients with pulmonary TB and (3) the authors report an adjusted analysis to explore factors associated with in-hospital mortality.

The main outcome will be death as defined by the WHO, author\'s judgement or medical records.

### Assessment of study eligibility {#s2b2}

Teams of two reviewers trained in health research methodology will screen the titles and abstracts of all citations identified in our search, independently and in duplicate, and if either reviewer thought that a citation might be eligible, we retrieved the study for full-text review. Disagreements will be resolved by consensus, with consultation of a third investigator when resolution could not be achieved. We will measure agreement between reviewers to assess the reliability of full-text review using the guidelines proposed by Landis and Koch.[@R16] Precisely, we will use the kappa statistic, and interpret them using the following thresholds: \<0.20 as slight agreement, 0.21--0.40 as fair agreement, 0.41--0.60 as moderate agreement, 0.61--0.80 as substantial agreement and \>0.80 as almost perfect agreement.

### Assessment of study quality {#s2b3}

Pairs of reviewers assessed risk of bias, independently and in duplicate. We used the following criteria from the Users' Guides to the Medical Literature to address risk of bias: (1) representativeness of the study population (low risk of bias when using random sampling, consecutive sampling, or data collected from a national or international registry; high risk of bias when the source of study population was not reported or acquired through convenience sampling); (2) validity of outcome assessment (how the authors define mortality? Did they evaluate only TB-related deaths?) and (3) whether or not predictive models were optimally adjusted (low risk of bias if adjusted for, at minimum, age, sex and HIV status).

We will use the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach to summarise the findings of some reported predictors.[@R17] GRADE has been adopted by over 70 organisations worldwide, and this approach facilitates transparent, rigorous and comprehensive assessment of evidence quality on a per outcome basis.[@R18]

We will categorise the confidence in estimates (quality of evidence) as high, moderate, low or very low. GRADE guidance will be used to determine whether to rate down confidence in the body of evidence for risk of bias[@R21] and for imprecision,[@R18] inconsistency[@R19] and publication bias.[@R20]

When plausible worst case scenarios reverse the treatment effect, we will rate down for risk of bias. The results of meta-analyses will be presented in GRADE evidence profiles that will provide a succinct, easily digestible presentation of the risk of bias and magnitude of effects.[@R17] In case of doubt or missing details, authors will be contacted for clarification.

### Data abstraction and analysis {#s2b4}

Two reviewers will extract data from each eligible study, including demographic information (eg, gender, age, race, etc), methodology and all reported predictors.

When possible, we will pool all factors that were assessed for an association with mortality that were reported by \>1 study, and presented the OR and the associated 95% CI. When studies provided the measure of association as a relative risk (RR), we will convert the RR to an OR using the formula provided by Wang.[@R23] When possible, we will pool outcome data across trials. For binary data, we will calculate a pooled OR, with an associated 95% CI.

When we identified only one study addressing a given predictor in an adjusted analysis, or ≥2 studies explored a given predictor but authors did not present data necessary for a pooled analysis, we will summarise the reported associations. We will explore the consistency of association between our pooled results and studies reporting the same predictors that were not possible to pool. We will use the following three criteria to identify predictors not included in the pooled analyses that showed promise for future research: (1) a statistically significant association with mortality of p≤0.01; (2) a large magnitude of association (OR≥2.0) and (3) a sample size of ≥200.

Authors creating predictive models may choose to enter independent variables into an adjusted analysis only if they meet a threshold for statistical significance in a bivariable analysis. Further, some authors do not report the associated data for predictors that were not significant in their adjusted analysis. Thus, there is a risk of overestimating the strength of association by restricting statistical pooling to predictors that appear in adjusted regression models and for which data are provided. To address this risk, we imputed an OR of '1' for predictors that were tested in bivariable analyses but because of non-significance excluded from adjusted analyses, or included in multivariable analyses with the only information provided being that they were 'not significant'. We imputed an associated variance for all such predictors using the hot-deck approach.[@R24]

The I^2^ statistic, the percentage of between-study variability that is due to true differences between studies (heterogeneity) rather than sampling error (chance), will be used to quantify inconsistency among studies.[@R25] Values of 30--60% may represent moderate heterogeneity, 50--90% substantial heterogeneity, and 75--100% considerable heterogeneity.[@R26] [@R27] The random effect meta-analysis model will be used on the pooled data through the inverse-variance random effects method. The software STATA will be used.

If we find heterogeneity, we will perform subgroup analysis to understand and explain the source of the heterogeneity. We will conduct a test of interaction and, if significant, we will report the results separately for each subgroup. Meta-regression and subgroup analyses will be performed to explore and interpret the results in the context of the GRADE system.[@R28]

We have generated five a priori hypotheses to explain variability between studies: Patients at an ICU will have higher mortality than patients in other places at hospital.Pulmonary TB in patients with HIV will be associated with a lower survival rate in comparison with patients without HIV.Patients with comorbidity (eg, diabetes mellitus, chronic renal diseases, cancer, HIV, chronic use of immunosuppressive drugs) will show a lower survival rate versus patients without comorbidity.Trials with a small sample size will (\<100) show higher mortality among patients with pulmonary TB than trials with a bigger sample size (\>100).Trials with a higher risk of bias will demonstrate higher mortality rates than trials with a lower risk of bias.

Sensitivity analysis will be performed to determine any bias introduced by the eligibility criteria, analysed data, analysis method and other relevant issues identified during the review process. Publication bias will be assessed using funnel plots for the included studies.[@R29]

Ethics and dissemination {#s2c}
------------------------

This study is based on published data, and therefore ethical approval is not a requirement. This systematic review and meta-analysis is expected to serve as a basis for designing preventive and control strategies for in-hospital patients with TB, and as a guide for future research based on the remaining gaps. It is anticipated that findings from the review will be useful for informing policy, practice and research priorities for improving the management of in-hospital patients with TB. Findings will be disseminated through publication in peer-reviewed journals and conference presentations at relevant conferences. We also plan to update the review in the future to monitor changes and guide health services and policy solutions.
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